Introduction
============

The core of epithelial-mesenchymal transition (EMT), is to lose the epithelium-derived labelled protein E-cadherin and acquire the labeled protein of the mesenchymal cells (such as vimentin, N-cadherin) ([@b1-ol-0-0-8940]). E-cadherin is one of the important components for adherent junction of the epithelial cells. It is bound to the intracellular proteins to form morphology, polarity, and functions of the epithelial cells thus allowing for tight junctions between epithelial cells and maintaining the integrity of the structure of the epithelial tissue ([@b2-ol-0-0-8940]). In addition to the decreased expression of the labeled E-cadherin, the EMT can also lead to changes in other epithelium-derived characteristic phenotypes, including tight junctions, gap junctions between epithelial cells, and desmosome ([@b3-ol-0-0-8940]). Accordingly, interstitial cytoskeletal reorganization occurs in the cells with EMT.

Currently, a great deal of research shows that several transcription factor families can directly act on the E-cadherin promoter and directly inhibit its transcription. These transcription factors include: zinc finger protein family Zeb (Zeb1 and Zeb2) ([@b4-ol-0-0-8940]), Snail family (Snail1, Snail2, and Snail3) ([@b5-ol-0-0-8940]), Twist family (Twist1 and Twist2) ([@b6-ol-0-0-8940]), fork-head ([@b7-ol-0-0-8940]) transcription factor family FOXC2 ([@b8-ol-0-0-8940]) and other transcription factors under investigation. The Zeb family is a generally-accepted EMT activated transcription factor including Zeb1 and Zeb2. Zeb1 can directly inhibit the expression of E-cadherin ([@b9-ol-0-0-8940]) and initiate the EMT process by means of combination between zinc finger and E-box in the E-cadherin genetic promoter region. Moreover, in addition to E-box, research showed that the action of Zeb1 on E-cadherin may also have other mechanisms. The compound formed by Zeb1 and the histone deacetylase may participate in the transcription splicing of E-cadherin thus inhibiting its genetic expression ([@b10-ol-0-0-8940]). Downregulation of the expression of Zeb1 in mesenchymal tumor cells may lead to mesenchymal-epithelial transition in tumor cells and epithelial cell phenotype in cells ([@b11-ol-0-0-8940]). Research shows that Zeb1 can significantly increase the invasiveness and metastasis rate of tumors by inducing the EMT process of the tumor cells ([@b12-ol-0-0-8940]).

MicroRNA is a class of short non-coding RNA comprising only 20--22 nucleotides. They silence the target gene or inhibit their translation by specifically binding and cutting the messenger RNA ([@b13-ol-0-0-8940]). A great deal of research shows that the miR-23a family plays a role in inhibiting the EMT of tumor cells thus leading to opposite mesenchymal-epithelialization transition and promoting the expression of E-cadherin ([@b14-ol-0-0-8940]). Transfecting the mesenchymal pancreatic carcinoma and breast carcinoma with the miR-23a precursor allows for transition from mesenchyme to epithelium, increased expression of E-cadherin, decreased expression of vimentin, and occurrence of epithelial phenotype in cells ([@b15-ol-0-0-8940]). In addition, research on the ovarian carcinoma cells indicates that the overexpression of miR-23a can significantly inhibit the migration ability of the cancer cells and strengthen their sensitivity to the chemotherapeutic drugs. On the contrary, overexpression of miR-23a can significantly decrease the tumorigenic ability of pancreatic carcinoma cells ([@b16-ol-0-0-8940]).

miR-23a and Zeb1 have completely contrary functions in regulation of EMT. Moreover, they also have diametrically opposite functions in regulation of such characteristics as stemness maintenance in the tumor stem cells, and drug resistance, related to EMT. The former decreases the tumorigenic ability of the tumor cells and increases their sensitivity to chemotherapy. The latter increases the cellular proliferation ability and improves drug resistance. Furthermore, direct mutual inhibition effect also occurs. Therefore, Zeb1 and miR-23a form a bidirectional inhibitory negative feedback loop. The roles of Zeb1-miR-23a in regulating EMT of tumor cells, tumor deterioration, metastasis, drug resistance, and recurrence are arousing wide attention to some human malignant tumors (such as pancreatic, bladder, breast, and thyroid carcinoma) ([@b17-ol-0-0-8940]). However, there is still lack of research on ocular malignancies. Choroidal melanoma and retinoblastoma are common intraocular tumors with a high morbidity, a malignant grade, and a high susceptibility to metastasis. Particularly, hematogenous metastasis has a high case fatality rate as it occurs in the remote organ in an early stage of choroidal melanoma. A probe into the mechanism of metastasis of these malignant tumors makes it possible to identify new strategies to better control and treat these tumors and decrease their case fatality rates.

To further test the feedback regulation effect of Zeb1 on miR-23a, we establish the Zeb1 overexpression lentiviral vector to achieve stable transfection of the human choroidal melanoma cell strain OCM-1. Then, we utilized the expression of the puromycin resistance gene carried by the Zeb1 overexpression lentiviral vector and used the puromycin to screen for the stable transfected strains from the OCM-1 cells transfected with lentivirus to obtain the stable strain cells with overexpression of Zeb1 thus laying a foundation for subsequent establishment of the animal models and the *in vivo* experiments of tumorigenicity and metastasis ability of tumor cells. Based on the real time-quantitative PCR (RT-qPCR) detection and western blot analysis, we quantitatively detected the cells in the control and Zeb1 overexpression group for Zeb1 and miR-23a and the role of overexpression of Zeb1 in the cell strain in regulating miR-23a. We also further detected the related factors and stemness factors of the EMT to evaluate the role of Zeb1 in regulating EMT and stemness tumorigenicity.

Materials and methods
=====================

### Transfection of liposome-mediated small RNA mimics and inhibitors

At 1 day before transfection, 4.5×10^4^ cells were inoculated into a 6-well microplate and cultured in a 5% CO~2~ incubator at 37°C after addition of 2 ml of basal culture medium containing fetal bovine serum (Invitrogen: Thermo Fisher Scientific, Inc., Carlsbad, CA, USA). The mixture of miR-23a mimics or inhibitor and Lipofectamine™ 2000 (all from Invitrogen: Thermo Fisher Scientific, Inc.) was added to each well containing cells and culture medium. The culture plate was shaken gently back and forth to mix well the solution and the cell culture medium. The cells were placed in a CO~2~ incubator at 37°C. The transfection efficiency was determined with fluorescence at 6 h (Takara Bio, Inc., Tokyo, Japan). It was replaced by the standard serum-containing culture medium at 12 h. The cells were collected for further detection after they were incubated for 48 h in the 5% CO~2~ incubator at 37°C. The study was approved by the Ethics Committee of the Affiliated Hospital of Inner Mongolia Medical University (Hohhot, Inner Mongolia, China).

### RT-qPCR

A total of 10^6^ intraocular tumor cells were directly added to 1 ml TRIzol, mixed well on a vortex mixer, and allowed to stand for 5 min at room temperature. After rotation, the supernatant was transferred to a new tube and the same volume of isopropanol was added (Beijing Chemical Reagents Co. Ltd., Beijing, China), the solution was mixed well for 1 min by turning upside down, and allowed to stand for 5 min at room temperature and centrifuged for 15 min at 8,000 × g at 4°C. After addition of isopropanol of the same volume (Beijing Chemical Reagents Co., Ltd.), the cells were mixed well by gently turning upside down, and allowed to stand for 10 min at room temperature and centrifuged for 10 min at 8,000 × g at 4°C. The supernatant was discarded and 1 ml of 75% ethanol was added. An appropriate volume of DEPC water was added (EMD Millipore, Billerica, MA, USA) to sufficiently dissolve the sediment. The reaction system (Takara Bio, Inc.) was 25 µl: fluorescence RT-qPCR reaction solution 20 µl, DNA polymerase 1 µl, reverse transcriptase 0.35 µl, template RNA 5 µl, mixed well and centrifuged for 10 sec at 3,000 × g. RT-qPCR amplification procedures: reversely transcribed for 30 min at 50°C; pre-denatured for 3 min at 95°C; denatured at 95°C; 15 sec, annealed for 30 sec at 50°C, extended for 30 min at 72°C, 5 cycles in total; denatured for 10 sec at 95°C, annealed for 40 sec at 55°C, 40 cycles in total. The primer sequence was obtained from previous studies ([@b18-ol-0-0-8940],[@b19-ol-0-0-8940]).

### Western blot analysis of protein expression

OCM-1, WERI-RB1, and Y79 cells in the logarithmic growth phase were diluted and inoculated into a 6-well microplate for culture. The cells in the control and treatment group were collected, respectively, and subjected to RIPA lysis (Promega Corp., Madison, WI, USA), protein quantification, and western blot analysis. The cells were first subjected to SDS-polyacrylamide gel electrophoresis. The protein specimen was transferred to the nitrocellulose (NC) membrane (Polysciences, Inc., Warrington, PA, USA), and blocked. The Zeb1 antibody (1:1,000), E-cadherin (both from Cell Signaling Technology, Inc., Danvers, MA, USA), N-cadherin, vimentin (both from Abcam, Cambridge, UK) antibodies were incubated (dilution rates, 1:1,000). The internal reference was β-actin (1:2,000; Abcam). The cells were incubated for 2 h at room temperature and incubated with the secondary antibody for 1 h. The chemiluminescence method was used.

### Immumofluorescence method

The OCM-1, WERI-RB1, and Y79 cells were rinsed 3 times for 5 min each with PBS after growing on the glass slide. The cells were blocked for 20 min at 37°C after the goat serum working solution was added dropwise. The cells were allowed to stand overnight at 4°C and rinsed 3 times for 5 min each with PBS next day after the goat anti-Zeb1 (1:500): rabbit anti-E-cadherin (1:500) (both from Cell Signaling Technology, Inc.), mouse anti-vimentin (1:500; Abcam) were added dropwise. The cells were incubated for 2 h at 37°C after the specific secondary antibody Alexa Fluor 594 (1:1,000) and Alexa Fluor 488 (1:1,000) (both from Invitrogen: Thermo Fisher Scientific, Inc.) were added dropwise. The cells were rinsed 3 times for 5 min each. The nuclei were stained with DAPI. The cells were air dried, mounted with anti-fluorescence quenching mounting solution, and preserved in the dark at 4°C for microscopic examination.

### Cell migration experiment (Transwell)

Trypsin was added to the culture flask to digest the cells. After the digestion was terminated, the cell suspension was pipetted, added to a centrifugal tube, and centrifuged for 5 min at 3,000 × g. The cells were washed once or twice with PBS and resuspended with the serum-free medium containing BSA until the cell density reached 1×10^4^/ml after the culture solution was discarded. The cells and the culture medium were inoculated into a Transwell 6-well microplate (Corning, Inc., Corning, NY, USA). A total of 1 ml of the culture medium containing FBS was added to the lower chamber. Then, 2 ml of the serum-free tumor cell suspension prepared in advance was added to the upper chamber. The cells were routinely cultured for 24 h. The culture medium in the upper chamber was discarded. The cells on the upper chamber side of the semipermeable membrane at the bottom were removed with a cotton swab. The cells were fixed for 15 min with 95% ethanol, stained for 10 min with hematoxylin (Takara Biotechnology Co., Ltd., Dalian, China), and observed and photographed under an inverted microscope using four fields of view (×200). The cells passed through the semipermeable membrane and entered the lower chamber. The cell migration ability was detected.

### Lentivirus transfection

One day before transfection, the cell suspension with a density of 5×10^4^ was inoculated into 3 wells of the 6-well microplate and allowed to stand overnight in an incubator. The old culture medium was discarded the following day. The cells were washed once with the D-Hank\'s solution. Then, 2 ml of the freshly-prepared 7% non-resistant culture medium Opti-MEM I (Invitrogen: Thermo Fisher Scientific, Inc.) was added. The first well served as the normal group and the second well served as the experimental group. A total of 30 µl Zeb1 virus solution and 2 µl transfection solution polybrene (Takara Bio, Inc.) were added in the experimental group. The solution was mixed well and placed in the incubator. The cellular growth was observed every other day and the solution was replaced every third day. The OCM-1 cells were collected and transferred to a 24-well microplate with a density of 5×10^4^ cells after being transfected for 72 h with lentivirus. The common DMEM culture medium containing serum was added. The cells were incubated overnight. The screening culture medium was prepared. The fresh culture medium contained 1.25 µg/ml puromycin (Biosino Bio-Technology and Science Inc., Beijing, China). The prepared puromycin screening culture medium was used to replace the old culture medium. The old culture medium was replaced with the freshly-prepared screening culture medium at \~12--24 h after cell death. Apoptotic cells were removed. To minimize the changes in cellular phenotype arising from puromycin, the puromycin culture medium was removed and replaced with the normal culture medium at 72 h. The survived cells were considered as stably transfected cells.

### Statistical analysis

The statistical software SPSS 19.0 (IBM Corp., Armonk, NY, USA) was used for statistical analysis. Excel was used for statistical charting. ANOVA was used for comparison of multiple groups and the post hoc test was LSD. The differences were considered statistically significant at P\<0.05.

Results
=======

### Role of miR-23a transfection in regulating the expression of the target gene Zeb1

RT-qPCR was used to detect the expression levels of miR-23a before and after transfection of cells. The results showed ([Fig. 1A](#f1-ol-0-0-8940){ref-type="fig"}) that the relative quantitative (RQ) values of the non-transfection control group of the OCM-1, WERI-RB1, and Y79 cell strains were 2.83, 3.28, and 2.3, respectively. The relative expression levels of miR-23a in the three groups of cells were 6.89, 7.74, and 5.86, respectively, after the cells were transfected with the hsa-miR-23a mimic, which increased significantly compared with those in the non-transfected control group (p\<0.05). The relative expression levels of miR-23a in the three intraocular tumor cell strains were 0.19, 0.18, and 0.33, respectively, after the cells were transfected with the hsa-miR-23a inhibitor, which decreased significantly compared with those in the control group (p\<0.05). RT-qPCR results showed that the mRNA RQ values of Zeb1 in the non-transfected control group of the OCM-1, WERI-RB1, and Y79 cell strains were OCM-1: 3.30, WERI-RB1: 4.45, and Y79: 2.74. The mRNA RQ values of Zeb1 of the three cell strains were OCM-1: 1.07, WERI-RB1: 1.17, and Y79: 1.14 after they were transfected with the hsa-miR-23a mimic, which decreased significantly compared with those in the non-transfected control group (p\<0.05) ([Fig. 1B](#f1-ol-0-0-8940){ref-type="fig"}). The cells in the miR-23a mimic transfection group, the miR-23a inhibitor transfection group, and the non-transfection group of the human choroidal melanoma cell strains OCM-1, human retinoblastoma cell strains WERI-RB1, and Y79 were collected and subjected to protein immunoblotting for determination of the changes in expression of Zeb1 at the level of protein ([Fig. 1C](#f1-ol-0-0-8940){ref-type="fig"}). The immunofluorescence assay of Zeb1 in the three intraocular tumor cell strains were OCM-1: 6.99, WERI-RB1: 7.81, and Y79: 6.92 after the cell strains were transfected with the hsa-miR-23a inhibitor, which increased significantly compared with those in the control group (p\<0.05) ([Fig. 1D](#f1-ol-0-0-8940){ref-type="fig"}).

### Role of miR-23a transfection in regulating the EMT in intraocular tumors

RT-qPCR was used to detect the expression levels of mRNA in the epithelial cell-labeled gene E-cadherin and the mesenchyme-labeled gene vimentin in the human choroidal melanoma cell strains OCM-1 ([Fig. 2A-C](#f2-ol-0-0-8940){ref-type="fig"}), human retinoblastoma cell strains WERI-RB1 ([Fig. 2D-F](#f2-ol-0-0-8940){ref-type="fig"}), and the Y79 cells ([Fig. 2G-I](#f2-ol-0-0-8940){ref-type="fig"}) before and after miR-23a transfection. The results showed that the relative expression levels of mRNA of E-cadherin in the three strains of cells following the hsa-miR-23a mimic transfection increased significantly compared with those in the non-transfected control group (p\<0.05) while the expression levels of vimentin at the level of RNA decreased significantly (p\<0.05). Also, opposite changes occurred in the miR-23a inhibitor groups of the three strains of cells. The expression of E-cadherin decreased significantly compared with that in the control group (p\<0.05) while the expression of vimentin increased significantly.

### Effect of miR-23a transfection on the migration capacity of the intraocular tumor cells

The cells in the non-transfected control group, negative miR transfection control group, miR-23a mimic transfection group, and the miR-23a inhibitor transfection group of the human choroidal melanoma cell strains OCM-1, and human retinoblastoma cell strains WERI-RB1 and Y79 were added to the Transwell 6-well microplate. The cells that permeated the membrane and entered the lower chamber were photographed and counted under high power lens. The results showed that the average counts of the membrane-permeating cells in the non-transfected control group were: OCM-1: 54.75, WERI-RB1: 49.75, and Y79: 66.75. The average counts of the cells in the negative transfection control group were: OCM-1: 57.5, WERI-RB1: 55.25: Y79: 68.25. The differences between the two groups were not statistically significant. The average counts of the membrane-permeating cells in the miR-23a mimic transfection group were: OCM-1: 25.75, WERI-RB1: 28.25, Y79: 32.5, which decreased when compared with those in the non-transfection group (p\<0.05) and negative control group (p\<0.05). The average counts of the cells in the miR-23a inhibitor transfection group were: OCM-1: 153.5; WERI-RB1: 165.25; Y79: 145, which increased significantly when compared with those in the non-transfection group (p\<0.05) and the negative control group (p\<0.05). Inhibition of miR-23a changed the shape of tumor cells ([Fig. 3](#f3-ol-0-0-8940){ref-type="fig"}).

### Role of the Zeb1 gene in regulating the feedback of miR-23a

RT-qPCR was employed for real-time quantification detection of miR-23a in the OCM-1 cells in the Zeb1 overexpressed stably transfected group, the non-transfected control group, and blank transfected control group. The results showed that the average relative expression levels in the non-transfected control group, empty vector control group, and the Zeb1 overexpressed transfected group were 4.04, 4.13, and 1.34, respectively ([Fig. 4A](#f4-ol-0-0-8940){ref-type="fig"}). The Zeb1 overexpressed transfection decreased the expression level of miR-23a in the OCM-1 cells by \~67% relative to the control group, p\<0.05. RT-qPCR was utilized to detect the relative expression levels of mRNA in the epithelium-derived marker E-cadherin, mesenchymal cell-labeled genes vimentin and N-cadherin in the human choroidal melanoma OCM-1 cells of the Zeb1 gene overexpressed stable strains and the control groups (non-transfected control group and empty vector transfection control group). The average expression levels of E-cadherin in the non-transfected control group, empty vector transfection control group, and Zeb1 overexpressed transfected group were 1.09, 1, and 0.60, respectively. The expression level of E-cadherin in the overexpressed transfection group decreased when compared with that in the control group, p\<0.05 ([Fig. 4B](#f4-ol-0-0-8940){ref-type="fig"}). The average expression levels of vimentin in various groups were 1.18, 1, and 1.69, respectively. The average expression levels of N-cadherin were 1, 1.11, and 2.09. The average expression level in the Zeb1 overexpressed transfected group increased significantly when compared with that in the two control groups, p\<0.05. The differences between the blank control transfection group and the non-transfection group were not significant. Western blot analysis was used for quantitative analysis of the protein levels in E-cadherin, vimentin, and N-cadherin in the OCM-1 cells in the Zeb1 overexpression group and the two control groups. The result was basically consistent with the RT-qPCR result. The Zeb1 overexpression transfection decreased the expression level of the E-cadherin protein compared with that in the control group, whereas the expression levels of vimentin and N-cadherin increased compared with that in the control group ([Fig. 4C and D](#f4-ol-0-0-8940){ref-type="fig"}).

Discussion
==========

Zeb1 is one of the important transcription factors in EMT. It is bound to E-box in the genetic transcription promoter sequence of the epithelial cell-labeled marker E-cadherin to inhibit transcription ([@b20-ol-0-0-8940]) and initiate EMT ([@b21-ol-0-0-8940]). Zeb1 is an essential factor for cells to maintain their mesenchyme characteristics. Normal epithelial tissue and low-malignant highly differentiated cancers tend to not or seldom express the factor. However, the Zeb1 gene is often highly expressed in poorly differentiated malignant tumors. In other solid tumor cell strains, miR-23a can directly act on and degrade Zeb1 thus eliminating its inhibition over E-cadherin, upregulating the expression of E-cadherin, reversing EMT, and producing mesenchymal epithelization ([@b22-ol-0-0-8940]). Furthermore, research also showed that the Zeb1 gene directly inhibits the E-cadherin gene via E-box. A study suggested that microRNA-23a suppressed CDH1 expression and promoted EMT ([@b23-ol-0-0-8940]). In this study, the results showed that the protein E-cadherin increased while the expression of the mesenchyme-labeled proteins of vimentin and N-cadherin decreased in the mimics group. This may be caused by different cells used in different studies. Zeb1 has a negative feedback effect on miR-23a. They can form a negative feedback loop. The results showed that miR-23a and Zeb1 form a bidirectional inhibitory negative feedback loop, which plays an important role in regulating EMT. In addition, the compound formed by the Zeb1 protein and the histone deacetylase may participate in transcription and splicing of E-cadherin thus inhibiting its expression. miR-23a or b can inhibit the formation of such a compound thus promoting the expression of E-cadherin ([@b24-ol-0-0-8940],[@b25-ol-0-0-8940]).

The expression of Zeb1 gene at the levels of mRNA and protein in the OCM-1, WERI-RB1, and Y79 cell strains transfected with miR-23a decreased significantly compared with that in the control group. Moreover, the expression of RNA and protein of the E-cadherin gene with epithelial cell specificity increased significantly. However, the expression of the mesenchyme-labeled proteins vimentin and N-cadherin decreased due to inhibition. Mesenchymal-epithelial transition occurred in cells. On the contrary, among the three intraocular tumor cell strains in the miR-23a inhibitor transfection group, the expression level of Zeb1 increased significantly relative to the control group. The expression level of E-cadherin decreased. The expression levels of vimentin and N-cadherin increased. EMT occurred in the cells. This conclusion is consistent with the result of multiple researches on tumor cells at other sites. We also detected evidence for epithelium-mesenchyme mutual transition in the intraocular tumor cell strains.

We analyzed the expression level of miR-23a, the epithelial marker E-cadherin and mesenchyme marker vimentin in nine groups of cells (groups of non-transfected and transfected intraocular tumor cell strains) and their ratio. It indicated that miR-23a and the ratio of E-cadherin RNA and protein expression, E-cadherin, and vimentin protein are positively correlated. However, miR-23a and the expression level of the vimentin protein are negatively correlated. It further demonstrated the roles of miR-23a in promoting mesenchyme epithelization and inhibiting EMT. However, the sample size in this study is excessively small and deviation is also introduced to the effect of different transfection intervention on EMT. Therefore, the relevant significance obtained in this chapter can only be considered as a prediction of the trend of the function of EMT in the three intraocular tumors based on miR-23a.

The Transwell experiment was used to detect the effect of the changes in the expression level of miR-23a on the migration capacity of the three strains of tumor cells. It was found that miR-23a can significantly inhibit the migration capacity of these tumor cells. Inhibition of miR-23a changed the shape of tumor cells. The capacity of the cells to permeate the semipermeable membrane in the mimic transfection group decreased significantly. The cells in the inhibitor transfection group exhibited stronger capacity of motion and migration. In combination with the detection results of epithelial and mesenchymal markers of the cells in various groups, the changes in motion and migration capacity of the tumor cells can be associated with EMT. EMT can significantly strengthen the migration capacity of the cells while mesenchymal-epithelial transition significantly decreases the cellular migration capacity. The mesenchyme transition process enables the epithelium-derived tumor cells to lose the original closely-linked proteins and produce cytoskeletal proteins of mesenchymal cells. They are more likely to change their morphology and have stronger motion and transmembrane migration capacity. Therefore, miR-23a probably changes the motion capacity of the cells regulating the EMT of the tumor cells.

The human choroidal melanoma cell strains OCM-1 were subjected to puromycin resistance screening at 72 h after transfected with the Zeb1 overexpressed lentivirus particles to obtain the stable transfected OCM-1 cell strains. RT-qPCR detection has found that the expression of miR-23a in the tumor cells is significantly inhibited, indicating that Zeb1 plays a role in inhibiting the feedback of miR-23a. Both RT-qPCR and western blot analysis showed that the expression of the epithelial cell gene E-cadherin in the OCM-1 cells following Zeb1 overexpressed stable transfection is downregulated. The expression of the genes of vimentin and N-cadherin related to mesenchymal cells is upregulated. It demonstrates the role of Zeb1 in promoting EMT. It suggests that a negative feedback regulation loop with miR-23a/Zeb1 mutual inhibition occurs in the intraocular malignant tumor cell strains, which coincides with the results of the experiments on other human tumors. It demonstrates that mutual transition between epithelial and mesenchymal cells can occur in the intraocular malignant tumor cells. miR-23a can induce mesenchymal-epithelial transition in the tumor cells whereas Zeb1 can promote EMT. The tumorigenic ability of these tumor cells may increase with the increase of EMT.

The mechanism of miR-23a regulating Zeb1 is still unknown. It may be related to binding to 3′UTR. However, the Zeb1 3′UTR reporter gene was not done because only locus analysis was used and the results of interfering miR-23a and overexpressing Zeb1 should be supported by interfering Zeb1 and overexpressing miR-23a. Such tests will be carried out in the future. The expression of miR-23a and Zeb1 should be recorded at different time-points to test the 'feedback'. Due to the cost of the experiment, this experiment does not take into account the process of multiple time-points repeated verification, so this project only discusses the problem of specific time.

In conclusion, EMT is detected in the human intraocular malignant tumor cells (choroidal melanoma cell strains OCM-1, retinoblastoma cell strains WERI-RB1 and Y79). The report verifies the presence of the bidirectional negative feedback regulation loop of miR-23a/Zeb1 and the role of the pathway in regulating EMT in tumor cells and regulating the migration capacity of tumor cells *in vitro* in the intraocular tumor system.
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![Role of miR-23a transfection in regulating the expression of the target gene Zeb1. (A) In terms of the three intraocular malignant tumor cell strains, the expression level of miR-23a in the mimic transfection group increased significantly compared with that in the control group (^\#^p\<0.05) while the inhibitor transfection downregulated the expression of miR-23a (\*p\<0.05). (B) The miR-23a mimic transfection downregulated the mRNA expression levels of Zeb1 in the three tumor cells (^\#^p\<0.05) while the miR-23a inhibitor transfection enabled the mRNA expression level of Zeb1 to increase (\*p\<0.05). (C) The expression of the Zeb1 protein in the miR-23a inhibitor transfection group increased compared with that in the non-transfection group while the expression of the Zeb1 protein in the mimic transfection group decreased compared with that in the non-transfection group. (D) In terms of the immunofluorescent expression of the Zeb1 antibody after transfection of the miR-23a in the human choroidal melanoma cell strain OCM-1, human retinoblastoma cell strain WERI-RB1, and Y79, the transfection of the miR-23a mimic decreased the expression level of Zeb1 while the inhibitor transfection increased the expression level of Zeb1 within the tumor cells.](ol-16-02-2462-g00){#f1-ol-0-0-8940}

![Role of miR-23a transfection in regulating the EMT in intraocular tumor cells. RT-qPCR detection of the role of miR-23a transfection in (A) human choroidal melanoma cell strains OCM-1, (D) human retinoblastoma cell strains WERI-RB1 and (G) Y79 in regulating the expression of E-cadherin at the level of mRNA. The inhibitor transfection of miR-23a significantly decreased the mRNA of E-cadherin relative to the control group (\*p\<0.05) while vimentin increased significantly (\*p\<0.05). The mimic transfection significantly increased E-cadherin (\*p\<0.05) and significantly decreased vimentin (\*p\<0.05). Western blot analysis was used to detect the effect of miR-23a transfection of (B) human choroidal melanoma cell strains OCM-1, (E) human retinoblastoma cell strains WERI-RB1 and (H) Y79 on the expression of the proteins related to EMT. The miR-23a mimic transfection increased the expression of the epithelial cell marker, E-cadherin protein whereas the expression levels of the mesenchymal cell-labeled proteins of N-cadherin and vimentin decreased significantly. The miR-23a inhibitor transfection group exhibited an opposite acting trend. The proteins related to EMT were subjected to an immunofluorescence analysis after (C) the human choroidal melanoma cell strains OCM-1, (F) the human retinoblastoma cell strains WERI-RB1 and (I) Y79 were transfected with miR-23a. The expression of the epithelial marker E-cadherin in the inhibitor transfection group decreased while the expression of the mesenchyme-labeled vimentin increased. Vimentin decreased and E-cadherin increased in the mimic transfection group. EMT, epithelial-mesenchymal transition.](ol-16-02-2462-g01){#f2-ol-0-0-8940}

![Effect of miR-23a transfection on the migration capacity of the intraocular tumor cells. (A) Optical microscope observation of the Transwell migrated cells of the choroidal melanoma cell strains OCM-1, retinoblastoma cell strains WERI-RB1 and Y79 transfected with miRNA-23a at 24 h. Blank, non-transfection group; NC, negative control transfection group; Mimics, mimic transfection group; Inhibitor, inhibitor transfection group. (B-D) Statistics of cell migration of the cell strains (non-transfection group, negative control transfection group, mimic transfection group, inhibitor transfection group). The counts of the cells that permeated the membrane and entered the lower chamber in various groups transfected with miR-23a decreased significantly (^\#^p\<0.05). The count of the cells that migrated to the lower chamber in the miR-23a inhibitor group increased significantly (\*p\<0.05). ANOVA was used for comparison of multiple groups and the post hoc test was LSD.](ol-16-02-2462-g02){#f3-ol-0-0-8940}

![Role of the Zeb1 gene in regulating the feedback of miR-23a. (A) RT-qPCR detection of the effect of the Zeb1 overexpressed lentivirus stable transfection on the expression level of miR-23a in the OCM-1 cells. The Zeb1 overexpressed transfection enabled the relative expression level of miR-23a to decrease to 1/3 of than before transfection. The differences between the Zeb1 overexpressed transfected group and the non-transfected control group were statistically significant (\*p\<0.05). The expression level of miR-23a did not change in the empty vector control group. (B) RT-qPCR detection of the effect of the Zeb1 overexpressed lentivirus stable transfection on the genes related to the EMT in the human choroidal melanoma cell strains OCM-1. The stable transfection of the Zeb1 overexpressed lentivirus decreased the expression of mRNA of the epithelium-derived marker E-cadherin in the OCM-1 cells relative to the control group (\*p\<0.05). The relative expression levels of the mesenchyme-deprived markers vimentin and N-cadherin increased significantly (\*p\<0.05). (C and D) Western blot analysis of the role of the Zeb1 overexpressed lentivirus stable transfection in regulating the epithelium and mesenchyme-labeled proteins in the OCM-1 cells. The Zeb1 overexpressed stable transfection decreased the expression level of the epithelial cell marked protein E-cadherin in the OCM-1 cells relative to the two control groups. It increased the expression level of the mesenchyme-labeled proteins vimentin and N-cadherin (\*p\<0.05). ANOVA was used for comparison of multiple groups and the post hoc test was LSD. EMT, epithelial-mesenchymal transition.](ol-16-02-2462-g03){#f4-ol-0-0-8940}
